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';i ment and the great potentialities of this new trend.

PROSPECTS OF THE MASS CULTIVATION OF ALGAE
AS BULK FODDER

(Perspoktyvy masovoho vyroshchuvannya vodorostol
dlya odorzhannya kormovoyi masy) |
oy
V. 4. Xordyun

' Ukrayins'kyi botanichnyi Zhurnal 1965 22(6) 108-113 .

in recent years one has witnessed, both in the Soviet
. Unien and abroad, a wide development of investigations on

- the laﬁoratory and 1nduatr1a1 cultivation of unicellulax

algae. 1t 1s expected that they might be utilized in var-‘,'
i Jdous fields of national economy. The 1ncréaheq interest in -

" tnis object is explained to a large extent by its potente

ialities. In a anumber of cases (Sorokin, 1959) some:

" gtraing of Chlorella double their biomass every three

L‘Thourn. Evon in tho case of a donsity of 1 g of 4ry sub= .
~f;atanoe of the algac por 1 litroe of the subatrate [in a lay- -
. or of 10 om in thickness) one can harvest within one year e
. from 1 ha nearly 3000 tons of dry viomass. Sincei? litre
of the nutrient medium will contain 10 g of cells == in all_ff

_ﬁ\:f the substrate weight == 1 1a will yield during one

.;‘year Jea:;y B0.000‘tons of organic substances. If it were
:'7poaaiﬁle to carry this into effect on a large scale, this

' ".would have meant a revolution in'ggricultura. That 1s‘why'
"fﬁ‘thia probleﬁ deserves the greatest aétention.‘”ret it seems -
;,eo us that the theory and the practice of mass éﬁltures-ot"

"tho algao proveeds from somo fundamentally wrong principles

whioh aroso historioally and inhidit at present tho dovolop—

At present algao are cultivated in mass culturea for
tho following national and soientixio puxpoaeaz
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1. 4s the initial waterial. for the productlen of

valuable preparations (for justance vitamins).
2¢

To ovtain highly-activo feod additives, L.0. a

biomass the introduction of which in a analil y.copertion in-

to the feed ration of animals results in a shorp increaso

v’ of the animal growth. Such biomass contains a largo quante

ity of blologloally a6sive substances,

3¢ To obtain fodder. In this cise the propoxrtion of

7 algal biomass in the foed ration should amount to at leas’
- several per cenmt.

4, To obtain rertilizersa
. ftion of the nitrogen=-fixation algae for green manures and

" 4n the shape of the mother culture to bé introduced on rice
. fields. .

5« In the group of 'autographs' in the~generation of
| l};u ecological cycles in a closed space.
' 6.

or various living and industrial waste products.

Each of these tasks presents to a large extead an in=- .

. dependent trend == with its specific problems and ways of_“;

v 1%9 roalization. We shall analyse only the'proapecta and

. the possidle ways of aolving the problem of cultivating

: 2 algao as the feod biomass for agrioultural animals, ¥Foxr

‘g this ond there are studied at prosent some representatives‘_

Lo of the protococous algae. The most favourite odjects are

1.0 the repreaentativea of the genera Chlorella and Scenedesnus.

-‘Tj: Research intofother.algae is conducted much less frequent~ :

B BN
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| o,

aumbexr of apparatus and eduipmeqt, the methods of mass

.. eultivation of algae have 50D6 .COMMOND 0lemonts. Horo bo-

- longi (1) forced mixing of the 14quid (bubbling, pumping,.

N eazbon dioxide (other than 2ron tho air) :rom bottleo,

*‘l
[ 0
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This incliudes the cultiva=-
v, ~

- To bring into practice the bioldgical purdification -

Notwithstanding the diversity of methods and the large

'- _stirrers etec.)s (2) aupplementary eupplyins of oulturos with




_'ﬂﬁ“induetrial waste gases etc.

As a rule one can cultivate algae also without stire

" ring and without application of additional COye. Howover,
this results in a sharp decrocase of growth of the cultures

- weede.

The ¢ultivation of algée is not the end of the processa
of biomass production. Moreover, in & number o) casos it
ie not even the most complex stage. ' The obtained oulture

muat be isolated from the 1liquid and oconcentrated. Thore '

 are known the following methods of separating cells from -

the medium: separation, agglutination with aecid, applica=~

" %tion of coagulants, flotation, and usual settling. Each of

' 'v ‘these mothods 1s entirely sultadlo under laboratory condie-

tioza. Howoever, tho application of these methods to tho

| o prodﬁotion of biomaaé in tho semi=industrial cultivation ér
.{-&lsao results alroady in @ series of ecompliocations. And
” fflnone of these methods is suitable for large=scale induet;-
L ial produotion. When the thickness of the 1iqnidvlayer’is o
fv' 10 om it is necossary to treat 1000 w’ of the liquid in
- oxrdex to harvest the crop from 1 ha, And exneo when the-
.::ﬁ.time of doudbling of the.cell number attains the thooretioa; )
*‘:i'valuo 1% will be nocossary to pass thrbﬁgh the coll=cole= .
':ﬁjaleoti;g systems 8000 7’ of 1iquid per Na per 24 hours. -

I each induztry there exists a thooretical limit of

“ capacity, which can be roached under speocific conditions.
" In the mass oultures of the algae this linit deponds on

solax energy obtained by the algae. XFor the industrial

~oonditions at whioh oultivation is oconductod on thousaris

~of ha, 4t 1s inexpedient to use -artiflcial lighting At
R VIR : | |
| Thon selesting rapidly=p.-opagating strails ond croate ?'.
’j ing for them the optimum conditions, inolu@ing tho hotded
. effeot: azd the artificlal heating 1pgwintor,-one oan assuac
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f‘thnt tho quantity of assimilated enexrgy attains 20%, i.e. a

-'nasnitude vwhich, though not easily, has been still rea‘izea
1n practice.

| - During the optimum growth conditions tho main liziting

TR I A

‘tactqr which determines the biomass increment ia the light.

e+ oy oy, ey Sy e S =
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; 'qundoed. ono oaa s8oloot & very rapidly growing stroin,
f j'ohcu.'u@se for it the best condiﬁiona, create the successful
, - oultivator (sde) designn, but, in the case of the really ’
:' ' nass'cnltivation. one will utilizo virtually only the sun~- '
:. - light energy. 'Any artificlal lighting will only contribute.
l :-'to the increase of production costs. . '
: In the research vy Stanko and others (1958) results
'.nfaro adduced for Kazakhstan =~ a country highly favourabdle g
',7 with respect to the amount of the imcident solar emergy. E
_ After having treated the experimental data adduced by tho | A
r ~ '+ authors, we obtained the follcwing values: for the-altitude" 3
' fﬁf}ot 780 m above soa level there falls on the area of 1 ha'n S

h

...'f;}» , ;-3;3.dur1ns 24 hours 8.23%107 keal of solar radiation ia the
S ;i?;-:viaual spectrum range, and for the altitude of 2080 m ==
‘ 'f ‘:1 45:105 kcal per ha per 24 aours. -Assuming that the amount
ﬂ ﬂf;ﬁfor absorbed energy ia terms of the incident one is 20%. S ,
l ': ‘that tho numbor of photons with the wavelensth of 5500 R ,;b34' 3
fﬁ (4.0. & wavelnngth in the middlo of the speoctrum), which o
is consumed for the regeneration of one moleoule of carbon
ifafdioxido, is &, and havins carried out soume ainplitications :
.kf_in calculations, we obtnin the fol)owing magnitudes. At | ;%
fgﬂtho-.ltitude of 780 m above soa level the energy would suf= ' R
fice for obtaining an alga harvest, which would anonnt so
1 10,950 quintals/ha of dry substance Der year, the correse -
. <. ponding figure for the altitude of 2980 m doing 15,250 .
_ quintale/hn. In comparison with the orop capacity of many -
| agrioultural oculturos theso figures can bo undoudtedly
~oalled recoxd’ ones, ospoclally iL ono'tnkoa into scoount

3 ‘ . : ".. . '. . N - “ - '.,-‘, ‘. ] ' -.:‘u 4090
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that tho yields of cultivated planus aro usually cxpressced ‘

: in greon weight. Neverthelosa. the cenversion Yo dry aud=-

i '~ ptance of the most Ifruitful cultures (asuch as maize for

| ' ailage, sugar-boot 6t6.) will reduce tﬁe usual productivity

i ~ pumber roughly by the ractor of 4 - 5, .

1 - Under the maas-cultura condltions one failed even to

‘ ; approach the above~menticned theoretically possible_produc- 

l f 1 tivity figures.

ﬂ} According to the data of foreisn literature, the pro- f
“  dnct1vity of .the bdlue-green alga Tblxgothrix‘gggg;g, vaen

3‘j-¥ converted to 1 ha, amounted to 700 quintals per year (Wata=
 naba et al., 1959).  According to the data of I4i Shang-heo

"3‘"00 al. (1959), Sconedesmus obliguﬁs produced a biomsss of |

.+ was studied in most detail at the Biological Institute of .
 :; Leningrad University. th maximum increment corresponded .
%o the value whish would reach 514 quintals/ha of viomass

" per year (Chesnokov et al., 1960). ‘ Higher orops can be obe -
i ; tained under laboratory conditicns. Thus, Moshkov (1964)

;;;,:f quotes the increment figure of 40 g of dry sudstance “don

Wo failed to find in literature and izdications with "

1nf5;-1n mass oultivation.  Therefore we shall adduce below &
i : " theoretical nntlyou of this cost price. .

::‘ © The most economical is: ‘the method of mixing liquids with .
. tho aid of mixors. 4 uxer dr.tvon vy & =i motor will '_
'}'“hlrdly be adle to effect a a&til:notomr aixing on an erea..

L am excess of 100 n?., xtnoo ay 1.a-t 100 such mixers will . :
;7" be required for 1 Ba. THe thesretioally possidle &anual |
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i 750 (uintals/ha per year. In the Soviet Union this prodlea

PR 2 during 24 hours. 7This correspoads to 1460 qnineala/ha‘!,
{;fpor yoar. However, the complex natura of the apparatus and -

I of.the technological process are very high in this casos fff 

‘:&, respect .%o the coat price of the biomass of algas oultivated

inorenent of 15,250 quintale/ba will Tequire the consuape 5; '
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tion of at least tho same quantitvy . carvon dloxido(by el

woight). Finally it will bo indiéponeablo,to soparate at .

 }-1009# once in every 24 hours the eculture liquid to isolato
! -+ the rapldly growing blomass, 1,0 1ooo,n5 from cach hoctaro.
" " one o:'tho oxisting contriguges, with'é mo%or'of 10 ki, on-
' suros tho separation of cells from 100 i;troo in tho |
oourse of 1 hour. Let us assume that we shall succcecd in
“dnoreasing th5 productivity of thelseparaVOra tonfoldand
. also %0 inorease by the faoctor of 10 their charactoristic
! f.? por apparatus. Then the apparatus with a power of 100 kW
" will be able to breat 10 m5 of the liquid in tho course of
: ;.i,ﬁ‘hour. .Pen such apparatus will be required 'to effect the .f
o separation of the culture liquid at night. Consequently to ﬂ
"\ produce 15,250 quintals of dry biomsss it will be necodlery
%o consume ‘4,8000000 kWh of electrical eneigy.yeez%y.' ir

. L

::“'ve assume that the depreciation of the equipment equals the .”.
‘:l value of the onergy which passes throush it, and if we add
:ﬁ}to this the commercial value of carbon dioxide, we shall

. v, find thatd 1 Quintal of dry blomass will coat 3550.20 |

-* poubles. And this figure does nob inolude the cost of the

: ‘dbudlding where the algae are cultivated, the wagos of tho

.+ aervice personnol, nor the transport and other costs. - ,
J:E»'. ‘Tor the gake of comparison let us remind that the con{; '
5L£‘noroiu1 value of 1 quintal of potatoos is 9 roudlos, The
‘:--1nprovonont of tochnical moans willvroduoo'tho o8t price

\". of the bionass, tut. even in this case it will bo higher

.; thnn the coat price of oxdinary toeda.

;{j‘ The fundamental crioorion of the oxpedienoy—ot an 1nd-.
«ustry is its pro!itablonooa. At present we may ocall pro=
-fi tttablo,tho nass cultures ol tluao whioch aro growa for ob~ .
tiinins valuable products, e.g. osrotine. Porhaps it io
llao profitable to produco a biomass which contains dioloze
tnall;‘cottvo cubntanoon uh&dh are naod as food addizives. ‘
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* of the biohaaa. for insiancu, by the biological coagulation

!
‘.
;
¢

" in air tanks of a oertain typo, there will be likewise pro-
* fitablo the culture of algac which propagate during tho

i purification of sowago, sinco all oxpenses for tho cultiva-

tion of algae are relateod hore to tho organization of thoq:_ '
; };,puritioation process of effluents, and tho coaé of tho bio= .
mass equals virtually the expensos for the concentration of

" the biomass from the culturo liquid. 4

| A spocial introduction of the nass cultures of algae
. Ubth a view to obtaining food biomass is, as follows ‘from .
L;; calculations, not yet proritable. Moreover, given the pre-' "
?[{  sent principles of the chltivation of mas; cultures, this -
?i:l ia not :thig +v0 happen at.all in the more or less near .
Z'%;‘tuture. To rendexr the production of feed on the ba;o of
’Eyithe mass algsl cultures profitabl@, it is indispensable to ﬁ:
-,;‘proceod from other principles of organization of the pro-
'ng coes of cultivation and oulture selection. _
o The e:®isting critoriﬁ of the mass cultivation of algaol‘f
" wore formod on the basis of a randemly chosen object ==
‘3 Chlorella. One traneferred into industrial production the
" labozatory techniques of cultivaticn of this organism:
'{'i:o:ced nixing, arvifiolal supplying with carbdbon dioxide, _
yfg indispensability of a 6onplioatod?ayatom of the removal of ;
".“'viomass etc. This is explained by the fact that Chlorella

1

2, . .model. Its physiology and biochemistry are betier kaown

*. tions of mutrient media had beaen developod, end the condi~ -

,-‘_ tiona of culbivavica wore alae woll dovelopod evon prior to

| _* was obtained immediately the oultures were atarted, i.0. :
'~bgho algae dgﬁ grov'aad daa not.dioiavny.; Tods was the. M. -

s
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Booidos tho achiovoment of the mothod of concontration ' .

.- hed boen atudied for a long time cs & convenient labdoratory - )

... ' than for othor algmo. Por this organism auitable composi~- L_ﬂ;‘v

iavestigations into mass cultures. 'rtnilly, a good offoct ;_&
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’?'causo of the "Ghlorella hypnosis. The eatire problcm of

. " tho mass cultures of algae was viewed through the Chlorella

-

priem, and tho ontire tochnology of cultivation was croatod
started from the basic foundations of Chlorella cultiva-
% 'jtion. This alga became a standard of a kind. All'main
i‘g_straina were comparedi with it, under conditions which had
;,L'boen specifically developedlror Chlorella.
‘ COnsequentiy there were adopted as cricéria for mass
-cultivation: no special claims to the nediun, fast growth
| rato (from the data of laboratory investigations), high
Ehipioteiﬁ content, high competition with respect to tho con=-
. taminating micro-organisms. Sometimes the culture requiree-
+ - _monts cﬁn bo given in much more detail. Thus, Vladimirova‘f
.ff;anﬁ Somenonko {1962) indicate tkat, inm ordor to bo used in -

!

. . ‘ o l\‘;.“ !

i, mass oultures, the algal strains should satisfy tho follow=' - RIS
1 ° ’ : ’
f

. . ing requirements: high photosynthesis intensity during e
- . cultivation on mineral media with a high concentration of ﬁﬂ:{f

' " salts; high growth energy when illuminated with high-in- . .- RS
:::‘tcnsity light; thermophilic properties; high resistance

", sgainst the penstration of extraneous orgatisms and ability -
w:‘;to suppress the growth of the choking microflera (baceoria_'f<.
- and llkao). It should be also mentioned fhat tho most -

-3;convcaiont for use in industrial cultures are the unicell-

.
———— o
-

i ular or omall-colony forms of algae.

. Vith rocpoot'to Chlorella the abdove-mentionod roquirc-j
.‘i'lcnt. ars certainly expedient. However, under conditiono - B
f‘fiopprovod for Chlorella, othor species may grow badly, aad .- ‘5;

. tho ipsufficient investigasion of their physiology dooo not {tfa
_°{ perait to elucidate the optinum conditions for their cult- -
.‘nrou; b‘l&ﬂ00.~th' conditiono which are dbest for Chlorella,

- 8re poY best from the econonio point of viow. Wo think

that the maoo culture of algeo oan bo only comparod with

cultivated plants, sinco tho formor can be Justifiod only

o -

N vy -~ o
.
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;W' if they give a higher biomass yield tbhan the lattor do. o

b . ,

intermediate atandard: (of the Chlorella type) is roquized
- here. _ '
| In the case of cultivatoq plants there aro no oxpenses
E',Q rolated to the separation, mixing of the liquids, addition= .
o al oupplying with éuoeouu carvaon dioxide etc. 7Tho oritoria' L
r of the mass oultivation of algno should proceod from thoso
L  facts. We taink that the atrains used in cultures, and tho

process itself of their cultivation should meet the follow=
ing requirementa. ' '

i
!
{
{
|
}
A b
- Ihg culture ghould be gapadlg of ¢ ggod growgh - . . fei
‘ gighguE'gizigs; In the saso of Chlorolla this requiromeat ;

. .48 unacoeptadlo. Mixing improves tho gas exchange, the ‘ ; '
| oonditiom 4f illumination, ond provents tho se§tling of tho B
; . oulture. BSettling worsons the srowth'of unicellular algae o ‘{ﬂ;
;-L; in nature, where in a.nunberlbt cases the jatensive mixing o §?;1‘.
;. . is lacking. However, nany élgae grow fairly intensively - . SRR
: .. under these conditionms. To tell the truth, Chlorella has ‘m 5o
' a poor growth under such conditions. It is theroforo N
. pocessary to look for tho straina in other groups of algaa,

Proodeding from gonoral conaiderations it appears that of
3;"pronino may bo tho otrains which grow a4 a film eithor on
3 :.tho surfeco of the 1iquid or uader its thim layer on the
: " bottom of the cultivation vessel.

-

- 2. hg gultyrg snould eroy withouy additigoal feoding
_ with_gasgous csrdon dioxidg. The complications relatod to
6dditional Leoding with cardon dioxido are of twofold nate
uWo. In tho firot placo, tho aupply of goooouo cordon 8le
- oxddo from cylindors is oxponoive. Socondly, & suitadle
‘pltnt in the vicinity is indioponssdlo. Tho additional
; feoding itsolf complicatoes tho procoss of oultivation.
' Ia naturo, tho highor.jianto. and tho algac, thrive
oa.thé ordinlrykttnoapherio carbdon dioxido.. Howover, doth

+

-
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- '"kinds of plants react positivoly to the incrozso (witala
cortain limits) of this ges in the atmosphero.

Unllke tho
highor plants. soma alpgae are atle to acsinilato carvoxz Izon e
© solutions of carbonotes, Thcse aompounds are muca choapor =
‘ and easioer trunaportabld than carbon dioxide in gacoouc
i f * state. Therafoxe, when choosing sulturcs for the mess .
|+ oultivation of algae, ore should give prefornce to those P

* which, firetly, grow fairly woll at the usual €O, content of gu“

. air, and, scoondly, utilize intensively the carbenate P
% carbon.

v
e

3. The gulture should gzoy yithoup gopbingd afvrogen

- pearly _ag weli -3 gn'igs_pgegegcg. & sterile mass culiture
is virtually impossitle. DMoreover, it is glso inox?odiont A .. -
., from the poin% of view of economics. However, the entry of = .&;?1

i ,-‘varioua nicro-organionms into the cultivation vessels is rot

i always without cifect. According to our observations tho

; oultures of algae suffor modt froquontly from algal contame RS
. ination.

e e bt A s R
o e s

. A SRS
Blue=groen algae can develod in vessels with : e -

L Chlorolila, &nd vice tersa. Such contamination results ale e

| - most élways in & sharp drop of the biomass ¢rop.

1

i

2

o o

_The represontatives of the gomora Chlorolla aad Sconoe - e

dosmus appear partioularly frequently as the contaminating .

;J'agonn. Thoir interrelations and the fimal result dopend to

S a large extent on the composition of the nutrient medium

" and on the conditions of cultivation.  If qno utilizes

. pitrogen~Lfixing algae and a nitrogen~free mediun, the ro=- "

- g e e & o ! T
. PR ta ey T.o0)
o

pult of the struggle Yetween the growing culture and the
contarinating culture will bearly always turn out to tho

honolit of the former. Only 1{ tho contaminating culture

. 48 also & pitrogen-fixing ome, does the state of affalirs )

~ *\
»  Decome oomplicated. Howevoer, the provability of this oo- b i
ourrenco 18 immeasuradly leas than the Possidility of coa= - S

tamisation with nitrczen-non-fiéing'ouituroa. “Bogidoso,

- ' . LY L e R
. . ' - .o - .
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- 8lly promieing.

. t0 be compotitive with tho mair oulturo, tho contazinating

nitrogon~Lfixing agent ought to have & high zrowth rato ==

aad thias is seldom the case.

In principle the mass culture can be conducted when
the fixed-anitrogen content of the medium is low, and when
contamination is detectod one can atop oomplotoly the

supply of nitrogen. If stralns are used, whioh grow woll

without nitrgen salts (sis), this eimplifics and choapens _

even more the process of production of algal biomass,

4. hg gultyrg gught to e Itherug-golersprl. It i -

at present rlmost generally accapted that most promising
are the thermcphilic algae. Navertheless it seems to us
that this ia rot the case. %We oall thermophilic thoso

- micro-~organisms which grow batter abt hipher HLemporaburon.

e Amberm e g nsaet b Whe Viwermophilic organioms are ro=-

However, in the massa cultivation of algae
the higher teaperature in the cﬁltivating vessels is not

-1ikely to be maintaived during a greater part of the day.‘ )

‘”,,ﬁhia is tantamount to saying that the thermophilic organ=

-+ which do not fear a temperature rise and do not stop their
" growth in this ceso. ‘

5. Thg geparagion of bignasg ghould be gazried gup

first sight this is & merely technical probvlem. Wa think -
nevertheless that it completely depends on the crgenisn

, Shosen and on its growth characteristic. : For Chlorella it

is difficult. to axpect a aimple solution ol this problem.

But when the oella of the algae will form large nsgro,ates.-.

In the bost condi-‘f 
’ tions will be algae with an extended temperature optimum. t?f ;

‘ f iams will not be able to develop at their optinum temperat~t"'

b .ure.' Also the * .. ., l.s :'mesophils 7/ will find them~

- solves in a disadvantageous position.

R,

' yith siuple gnd gogmomically advantegegus methods. At .

Vhich scttle rapidly, settling itself will make it possidlo. -
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<" %o concentrate the biomaso?to such an extent as to scparato
it subsequently. Even still more simply and economically

- more advantageously ome can collest with corapers tho cult-

ure crop that grows as & {ilm on the bottoam of tho duildiag.

- Pipally, when the algae will 5rbw as a f£ilm on the surfaco
| of the liquid, it will be poaaiﬁle to colleet thom wita
rekos. | |
; 6. Thg culture must not be toxic. To be used as feed

the biomass muat nct be toxis, or at leaét its toxicity

. should . be rémovable by esuch uncomplicated methods as drying
- or short preparation. ‘

7. . The culturs liguid should be utilized. The algae

. . orgianic
~.- seerete into the medium a consideradle quantity

of/sub=

;_Qatances. Therafore the problem of utilizing these sub- _
-ﬁf'jstances is very urgent. This liquid can be fed to aniumals,
‘-%:-Howéver this is practicablé when the oulture contains a re- 
_lhi latively small quantity of liguid. 4 very high biomass

;‘ooncentration'ig not compulsoxry. Thus; for some blﬁe-green
, ;_algae'the dry-ﬁatter éontent of the green blomass is leass
"  than 4%. Nonsequentl&, when the denéity of the dry matter
s de 16 g/1 the cells will contain not loss than a Quartexr of;:
.j{ the entire 11quid. It is possidle in prinmoiple to obtain '
“f even‘a consideradbly higher deasity. 'conséquontly tho

v, Quantity of fho supernatan?t liqu;d_will ho comparatively
© " smalle o

7o put tﬁeae'principlea into practice it is indispense

f_vnble to chaﬁgé radioally the practice of oulture saloction,. -

"+ Up $41) now the work used to bvegia with the wtilization of
“tho strain already avalladle in colleotiona.

Iastead, 1t

‘48 necessary to begin ﬁith'the isolation of strains scloct=
i od in naturo, which would moov the estab;iehodtrequiro-
- monts. Tho initially selootoed oﬁlturos,'dust ga'tho oultie

vatod planbs, must undorgo o aolaotibn.;‘Noxt it 15 nooosoe
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. - axry to study the physiology of nutritien of tho obtalned
~ variants, and only thon to ohock thom in masc culiurae, . I
{ oooma to us that only thon is it possiblo 0 oxpoct a4 pro=
grees in the mass cultivation of algae with a view to ob~

4 taining a biomase to be used as foeod.

4 qQuestion may ariso ~=- are the enumerated roquirc=-

the answeyr 18 == n0. At the prosent time eulturoes were

tho Academy of Sciences of the Ukr.S.S.R., whioh grow on
"tho surface of wator and can be therofors eaaily'agparatodv
Irom the mediﬁm. which assimilate the'cabpon from carbonates,
. 4o not require mixingfand'grow well as the aexponse of ate- |
. mospheric nitrogen, and finally are raéiata;t %o temperate= :

. ures up vo 40°¢.

It should ba,hoped.fhat_rnrthar research, based on‘the"

. -above-monvioned eriteria, vill result in strains which are

evoa bottor than thoso obtainod. till mows
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